This is an Open Access article distributed under the terms of the Creative Commons Attribution NonCommercial License (http://creativecommons.org/ licenses/by-nc/3.0) which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
INTRODUCTION
Lung cancer is a widespread disease, with a high incidence rate, and is a leading cause of mortality worldwide. In particular, non-small cell lung cancer (NSCLC) accounts for more than 80% of all lung cancers. 1 In clinical, NSCLC is divided into 3 types, including squamous cell carcinoma, adenocarcinoma and large cell lung cancer. 2 NSCLC commonly develops resistance to radiation and chemotherapy, and often presents at stages too late for surgical therapy. Current therapy methods are very limited, so the effective methods are urgent to be involved to decrease the incidence of pulmonary neoplasms. 3 Therefore, exploring targets for NSCLC therapy has led to the development of promising methods for potential clinical use. conditions were as follows: 94°C for 1.5 min, followed by 94°C for 30 s, 63°C for 30 s and 72°C for 30 s for a total of 30 cycles, and a final extension at 72°C for 10 min.
Cell culture and transfection
Lung adenocarcinoma cell line A549 and non-tumorigenic human bronchial epithelial cell line BEAS2B were purchased from American Type Culture Collection (ATCC, Rockville, MD, USA). Cells were cultured in complete culture medium (RPMI 1640 containing 10% FCS and 200 IU/mL penicillin/100 μg/mL streptomycin). All cells were cultured at 37°C with 5% CO2. A549 and BEAS2B cells were plated into 6-well or 96-well plates (Falcon, Tokyo, Japan) 24 h before transfection (for the BEAS2B cells). Different amounts of plasmids (2 μg DNA per well in a 6-well plate and 0.2 μg DNA per well in a 96-well plate) were transfected into the BEAS2B monolayer cells with Lipofectamine TM 2000 transfection reagent (Invitrogen, Carlsbad, CA, USA). A549 and BEAS2B cells were harvested by trypsin/EDTA in ethylenediaminetetraacetic acid 24 h or 48 h after transfection, and subsequently pelleted by short centrifugation and suspended in the lysis buffer as described by Wang, et al. 13 Cells were supplemented with complete proteasomal inhibitor mixture (Merck, Darmstadt, Germany).
Small interfering RNA (siRNA) transfection siRNA against leptin (siLPT) were purchased from Invitrogen Inc. Transient transfection was carried out with Lipofectamine TM 2000 transfection reagent according to the manufacturer's protocol. A549 cells were seeded on 6-well plates for RNA or protein preparation and 96-well plates for DNA fragmentation or cell growth assays (named A549-siLPT). After 24 hours of incubation, media were replaced with serum-free RPMI 1640 containing siRNA (100 nmol/ L) and transfection reagent. Cells were harvested for assays daily for three consecutive days after transfection with the siRNA duplexes. The experiments were repeated on the at least three separate occasions.
Western blots
The cell lysates were separated by 15% SDS-PAGE and electro-transferred onto nitrocellulose membranes. After blocking with 5% defatted milk in phosphate buffered saline overnight at 4°C, the membranes were incubated with 1 : 2000 leptin specific monoclonal antibody (mAb) (Santa Cruz, Dallas, TX, USA), 1 : 1000 goat pAb anti-human Endoplasmic reticulum (ER) is a central organelle in cells, which plays an important role in protein folding and maturation, and lipid synthesis. The ER can be affected by a variety of toxic insults. [4] [5] [6] There is an increasing evidence that ER stress acts a significant function in the apoptosis regulation. Two specific signaling pathways were involving the ER stress process, such as, unfolded protein responses (UPR) and ER-associated protein degradation 7, 8 UPR pathway participates in the activation of some specific proteins, including activating transcription factor 6 (ATF6), PKRlike ER kinase (PERK), and inositol requiring proteins 1 (IRE1). 9 The above three pathways of UPR activate several transcription factors, such as eukaryotic translation initiation factor-2α (eIF-2α) and X-box transcription factor-1 (XBP1). The pro-apoptotic transcription factor C/EBP homologous protein (CHOP)/GADD153, which suppresses the transcription of Bcl-2, can also be induced by a combination of the PERK/ATF4 and ATF6 pathways.
Leptin, originally described as an adipocyte-derived hormone regulating food intake and energy expenditure, is a pleiotropic hormone that plays both a proliferative and an anti-apoptotic role in several conditions, such lung cancer, 10 breast cancer, 11 and gastric cancer. 12 Previously, the long isoform leptin receptor was identified in normal human lung tissue, suggesting that lung is a peripheral site of action for leptin. The circulating levels of leptin and/or overexpression of leptin mRNA are increased in adipose tissue. However, the anti-apoptosis effect and mechanism of leptin in lung cancer remain unknown. Accordingly, the present study attempted to establish an understanding of the anti-apoptotic mechanisms involving leptin in NSCLC.
MATERIALS AND METHODS Plasmid construction
Leptin gene was amplified by the PCR technique, using cDNA from human adipocyte cells isolated from the subcutaneous fat of patients; written informed consent and approval from an Institutional Review Board were obtained prior to conducting this study. PCR was conducted with the forward primer (5'-GCGAATTCATGGTTCCAATC CAAAAAG TCCAAGAGG-3', at BamH I site) and reverse primer (5'-TATGGATCCTCA GCACCCAGGGCT GA GG-3', at Not I site). The PCR product was ligated to vector pMD18-T and sub-cloned into vector pcDNA3.1(+), yielding recombinant plasmid pcDNA3.1-LPT. The PCR ed factors in the tested A549, A549-siLPT and BEAS2B cells, a series of hemi-quantitative RT-PCR assays were performed, including XBP1, eIF-2α and tumor necrosis factor receptor-associated factor 2 (TRAF2). The specific primers for XBP1, eIF-2α and TRAF2 were synthesized according to previous studies (Table 1) . [14] [15] [16] In parallel, individual β-actin was selected as an internal control. With an RNAsimple Total RNA Kit (TIANGEN, Beijing, China), total cellular RNA (including A549, A549-siLPT and leptin transfected BEAS2B cells) was prepared. Reverse transcription was performed using SuperScript TM III FirstStrand Synthesis System (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's protocol. Two μL of RT reaction products were amplified by PCR in a volume of 50 μL under the following conditions: 94°C for 40 s, 60°C for 30 s and 72°C for 30 s. After electrophoresis on 1.5% agarose gel, the gel images of each PCR product were digitally captured with a CCD camera and analyzed with NIH Imager beta version 2. Relative transcriptional values of each factor in hemi-quantitative RT-PCR were presented as a ratio of the signal value of the specific PCR product and that of the individual β-actin.
Leptin peptide treatments
Human leptin peptide (100 nm) (sequence: ASN-VAL-ILE-GLN-ILE-SER-ASN-ASP-LEU-GLU-ASN-LEU-ARG, LPT-PeP) (Bio Vision, Milpitas, CA, USA) was employed into BEAS2B cells 4 hours before treated with cisplatin or without. Later, the ER stress-associated proteins were detected by western blot or XTT analysis.
Statistic analysis
Quantitative analysis of immunoblotting bands was performed using the computer-assisted software Image Total CHOP, 1 : 2000 mice mAb anti-human p-Perk, 1 : 3000 mice mAb anti-human IRE1, 1 : 600 mAb anti-human β-actin (Santa Cruz, Dallas, TX, USA), 1 : 1000 polyclonal Ab antihuman caspase 3 (Santa Cruz, Dallas, TX, USA), 1 : 1000 mAb anti-full length and spliced XBP1 (Stressgen, Pennsylvania, USA), 1 : 1000 mAb anti-full length and cleaved ATF6 (Santa Cruz, Dallas, TX, USA), and 1 : 1000 anti-eIF-2α (Santa Cruz, Dallas, TX, USA) for 2 h at room temperature, after which there were incubated with 1 : 4000 horseradish peroxidase -conjugated anti-mouse, 1 : 1000 antirabbit or anti-goat IgG (Santa Cruz, Dallas, TX, USA). The reactive signals were visualized by ECL kit (PE Applied Biosystems, Foster City, CA, USA).
Proliferation analysis
To measure the effect of leptin on cell proliferation, the A549 cells were cultured and transiently transfected with individual leptin-expressing plasmids. XTT assay was employed to measure the cell proliferation using cytotoxicity detection kit (Cayman, San Diego, CA, USA). Briefly, 24 h or 48 h after transfection, the XTT activity from each well was terminated by adding 1N HCl to dissolve the formazan product. The multi-well plates were read at 490 nm on an ELISA plate reader (Thermo, Waltham, MA, USA). Every analysis was performed for at least six wells in duplication.
Detection of apoptosis
Cell apoptosis was detected by flow cytometry analysis that monitored Annexin V-FITC binding and propidium iodide uptake simultaneously, according to the manufacturer's instructions (Sigma, Shanghai, China). The samples were analyzed by fluorescence on a FACScan flow cytometer (Beckman, Miami, FL, USA). Potential DNA fragmentation was examined by the TUNEL apoptosis detection kit (Chemicon, Temecula, CA, USA) following the manufacturer's instructions. Apoptosis and death bodies were stained as brilliant blue.
Cisplatin treatment 1×10
5 BEAS2B cells or A549 cells were grown in 6-well plates and treated with cisplatin for 24 hours or 48 hours at a final concentration of 1 μmol/L. Cell viability was quantified using the XTT analysis as described above. Data were collected from three independent experiments in triplicate.
RNA extraction and hemi-quantitative RT-PCR
To evaluate the transcriptional status of the ER stress-relat- Forward GACCTCGAGATGCCGGGGCTAAGTTG Reverse GACAAGCTTATCTTCTTTATCTTCAGC ER, endoplasmic reticulum; XBP1, X-box transcription factor-1; eIF-2α, eukaryotic translation initiation factor-2α.
pressing BEAS2B cells (LPT-EX), the expression levels of leptin were also high. For the siRNA interfered control group (A549-siLPT), vector pcDNA3.1 carrying siRNA was transfected into the cells, and no leptin bands were detected (Fig. 1) . Furthermore, intrinsic expressed leptin in the A549 cells was higher than that expressed in the LPTPeP and LPT-EX groups (p<0.05).
Leptin expression promotes the proliferation of human lung cell lines
To observe the influence of leptin expression on the proliferation ability in abnormal and normal lung cell lines, the proliferation activities were measured with XTT analysis 24 hours post transfection (or incubation). XTT analysis results revealed no difference in the proliferation viabilities among A549, LPT-PeP and LPT-EX groups, both treated with and without cisplatin. However, in the inhibited leptin expression preparations of the A549-siLPT group, when treated with cisplatin, proliferation viabilities decreased significantly (p<0.001) 24 hours after transfection ( The gray values of each bands were evaluated detailed. All data were calculated as a mean±SD. Statistical analysis was acted utilizing the t-test. All p-values that less than 0.05 were considered as significant differences.
RESULTS

Leptin expression in cells and interfered leptin in A549-siLPT cells
The levels of leptin in A549 tumor cells, siRNA interfered A549-siLPT cells and leptin-expressing BEAS2B cells were detected to explore the pathogenicity of leptin in NSCLC. In the preparations of A549 cells, high levels of leptin were intrinsically expressed 24 h after culturing. The peptide LPT-PeP also activated high levels of leptin in BEAS2B cells 24 hours post incubation. In the leptin-ex- (Fig. 3) . Accordingly, we discerned cell apoptosis might be blocked by the expression of leptin.
Two ER stress UPR pathways are involved in the inhibition of apoptosis by leptin In order to evaluate changes in UPR pathway factors, three main UPR factors, p-Perk, IRE1 and ATF6, were detected by western blot assay. As shown in Fig. 3 , the expression of leptin blocked the phosphorylation of Perk and cleaving of ATF6 protein. Therefore, the amounts of p-Perk and cleaved ATF6 were not triggered by the treatment of cisplatin in the A549, PLT-PeP and PLT-EX groups (Fig. 4) . However, in the A549-siPLT group, for the blocking of leptin expression, the phosphorylation of Perk and cleaving of ATF6 were significantly increased upon treatment with cisplatin (p<0.05) (Fig. 4) .
2A). Cell death and apoptosis were also detected by the TUNEL method, and we found that cisplatin did not affect cells death and apoptosis of A549, LPT-PeP and LPT-EX cells, which expressed leptin protein (Fig. 2B) . The results also indicated that cisplatin could induce cell death and apoptosis in A549-siLPT cells, lacking leptin expression. Accordingly, we determined that leptin expression in BEAS2B cells saved dead cells and promoted cell proliferation.
Leptin inhibits the early and late apoptosis of lung cells
In order to investigate the mechanism of leptin-induced cell proliferation, we employed flow cytometry analysis to detect early and late apoptosis in all cell groups. For the A549, LPT-PeP, LPT-EX groups, there were no significant differences in early or late apoptosis between cells treated with cisplatin and those that were not (p>0.05). However, when treated with cisplatin, early or late apoptosis in A549-siLPT tected. The results were similar to those above for mRNA transcription. In the A549-siLPT group, the levels of spliced XBP1 and TRAF2 proteins increased significantly when treated with cisplatin (p<0.05) (Fig. 6) . However, cisplatin treatment did not affect the protein levels of XBP1 and TRAF2 in the A549, LPT-PeP and LPT-EX groups.
Leptin expression blocked CHOP triggered apoptosis
To detect potential changes in the ER stress induced apoptosis related markers after expression or incubation with leptin, the cellular levels of cleaved caspase 12 and CHOP protein were evaluated by individual western blot assay (Fig.  7A) . Absent cisplatin treatment, there were no changes in caspase 12 and CHOP for all groups ( Fig. 7B and C) . Additionally, we observed no significant differences in cleaved caspase 12 between the cisplatin treated cells compared with non-treated cells for all three groups (Fig. 7B) . When
UPR downstream mRNA and proteins were highly inhibited in leptin expressed cells
In order to further investigate the pathways of apoptosis, the mRNA and proteins associated with ER stress (UPR pathway), including spliced XBP1, TRAF2, and eIF-2α, were analyzed with hemi-quantitative RT-PCR 12 h after transfection. As shown in Fig. 5 , when treated with cisplatin, the mRNA levels of XBP1 and TRAF2 were increased significantly in A549-siLPT cells, compared with cells not treated with cisplatin (p<0.05). Additionally, the levels of eIF-2α remained comparable among the preparations for all three groups (Fig. 5) . Interestingly, there were no significant differences in spliced XBP1 and TRAF2 between cells treated with cisplatin and those that were not, among the A549, LPT-PeP and LPT-EX groups (Fig. 5) . Meanwhile, downstream ER stress associated proteins (spliced XBP1, TRAF2, and eIF-2α proteins) were also de- . The average gray value of each preparation was calculated by the gray numerical value of each blot vs. that of β-actin. The mean data of each preparation were the results of three independent western blots scan and calculation, and indicated as mean±SD. Statistical differences of the data of cisplatin treatment compared with that of non-treatment are illustrated as *p<0.001. p-Perk, phosphorylated-PKR-like ER kinase; ER, endoplasmic reticulum; ATF6, activating transcription factor-6; UPR, unfolded protein response; IRE1, inositol requiring proteins-1; siLPT, siRNA against leptin. (Fig. 7C) . However, no changes in CHOP were discovered between the cisplatin treated cells compared with treated with cisplatin, CHOP levels in A549-siLPT cells were significantly higher than that of those untreated with The mean data of each preparation were the results of three independent western blots scan and calculation, and indicated as mean±SD. Statistical differences of the data of cisplatin treatment compared with that of non-treatment are illustrated as *p<0.001, respectively. siLPT, siRNA against leptin; ER, endoplasmic reticulum; UPR, unfolded protein response; XBP1, X-box transcription factor-1; eIF-2α, eukaryotic translation initiation factor-2α; TRAF2, tumor necrosis factor receptor-associated factor 2. The mean data of each preparation were the results of three independent western blots scan and calculation, and indicated as mean±SD. Statistical differences of the data of cisplatin treatment compared with that of non-treatment are illustrated as *p<0.001 respectively. ER, endoplasmic reticulum; UPR, unfolded protein response; XBP1, X-box transcription factor-1; eIF-2α, eukaryotic translation initiation factor-2α; siLPT, siRNA against leptin; TRAF2, tumor necrosis factor receptor-associated factor 2. In the present study, the cell proliferation of A549, LPTPeP, LPT-EX and A549-siLPT group cells were also detected. We hypothesized that higher proliferation in these three cells was due to the blocking of apoptosis. Accordingly, the cells were treated with cisplatin to induce ER stress, and the resulting cell viability changes were observed. Upon adding cisplatin to the experimental cells, cell viability in the leptinexpressing cells or those incubated in leptin underwent no significant changes between cisplatin treated and untreated cells. Cell viability in the cisplatin treated A549-siLPT cells was obviously lower than that in the untreated A549-siLPT cells. These changes indicated that the expression of leptin inhibits cisplatin mediated apoptosis and cell death.
In regards to ER stress (UPR pathway) associated protein detection, we found that p-Perk and cleaved ATF6 proteins were activated in A549-siLPT cells when treated with cisplatin. Therefore, the UPR pathway may involve in leptinblocked apoptosis. Such leptin-induced apoptosis inhibition may help to further illuminate the role of leptin in cancer the non-treated cells for the A549, LPT-PeP and LPT-EX groups (Fig. 7C) . CHOP was shown to be activated in A549-siLPT cells, which triggered apoptosis. Accordingly, we determined the expression of leptin blocked cisplatin-induced apoptosis via CHOP pathways in human normal lung cells (such as LPT-PeP and LPT-EX cells).
DISCUSSION
This study is the first to indicate that leptin inhibits cisplatintriggered apoptosis of human NSCLC cell lines, such as A549. In the present study, normal human lung cell lines, BEAS2B, treated with cisplatin resisted cisplatin-induced apoptotic effects. Additionally, our study indicated that leptin inhibits apoptosis through the PERK and ATF6 pathways, and blocks apoptosis by inactivating CHOP protein.
Our results revealed that all cell groups expressed leptin protein, but these levels in A549 cells and leptin expressing cells were significantly higher than that in A549-siLPT cells (Fig. 1) . It has been shown that the malignant transformation of cancer requires cells to keep growing and block the progression. Furthermore, downstream factors of spliced XBP1, TRAF2, and eIF-2α were also detected at the mRNA and protein levels, and the data strongly indicated the emergence of ER stress (or UPR pathway) after treatment with cisplatin in A549-siLPT cells. More importantly, the expression of leptin inhibited cisplatin induced ER stress in LPT-PeP, LPT-EX and A549 cells. Accordingly, we surmised that in human NSCLC cell lines leptin may participate in the pathogenic processes of lung cancer. In order to identify the specific apoptosis factors that leptin inhibited, ER stress-associated factors (cleaved caspase 12 and CHOP protein) were also detected in the A549, A549-siLPT and leptin expressing (incubating) cells. According to Wang, et al. 17 study, cleaved caspase 12 activates caspase 3 to trigger apoptosis, and CHOP can directly induce ER stress-associated apoptosis. In this study, we found that there were no significant changes in cleaved caspase 12 (activated) among all three cell groups (p>0.05) when treated with cisplatin. Interestingly, upon cisplatin treatment, CHOP levels in the A549-siLPT group were significantly increased, compared with untreated cells (p<0.05); however, there were no changes in the A549, LPT-PeP and LPT-EX cells. As our results were consistent with other research teams, 18, 19 we concluded that the expression or the existence of leptin in lung cells may indirectly inhibit CHOP protein mediated apoptosis. Actually, as the induction of the transcription factor CHOP/ GADD153 can kill cells by an apoptotic mechanism, 20, 21 we discovered a novel result that leptin may block CHOP induced ER stress.
In conclusion, leptin may serve as an important factor to promote the growth of A549 cells via blocking of ER stressmediated pathways. This blocking may be triggered by pPerk and ATF6 pathways through inhibition of CHOP expression.
